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SUMMARY

The tests described in this report jurnidied data on the artual aerodynamic forces, and fhe
rewlf ing hmsea and bending morizents in the hull’ of tiie 77. S. S. “Los Angeles” dwv”ng as serere
sti77-air rnaneurers as the airship would normally 6e subjected to, and in straight j?ighi dun-ng as
rough air as h likely {0 occur in serm.ce, short of squall or storm c0ndition8. T%e maan”nvumstresses
were found to be within the limit8 provided for in accepted practice in airship design. h~ormal
jfiglit in rough air was slioum to produoe forces and stresses about tun”ceas great as the most serere
8ti17-airmaneurers. No ligld was thrown upon the forces which miglit occur in eztreme or excep-
tional conditiom, euch as the storm which destroyed the “Shenandoah.”

The tran-werse aerodynamic force8 on the hill ~roper were found to be snia77 and irregular.
Owing to the necesdy of con8eming Aelium., d ums impossible to $y the airship in a condition of
large exces~ of buoyancy or weigfit in order to dttermine the air pressure distribution at aj%ed angle
of pitch. Howerer, tfiere is erery reason to beliere that in tk.ut condition tbe forces on tfie actual
airship are as clo8e to the un”nd-tunnel re8ults as can be determined by present type of pre8sure
measuring ap~rahts.

It i8 considered that tfie most important data obtained are the coe@cient8 of tahwrface forces
and hull-bending moments.” lTese are tabulated in this report.

INTRODUCTION

The only lmown experimental determinations of the str=es in the girders of rigid airships
in actual flight, pretiously to the investigations described in this report, were carried out upon
the U. S. S. Slenandoali in 1923 and 1924, and upon the U. S. S. Lo8 Ange7es m 1925. The
previous experiments were carried out by the Bureau of Aeronautics, using the Bureau of Stand-
ards type of e~ectric telemeter strain gage. At the time of the Shenandoah experiments suitable
recording apparatus had not yet been developed for these instruments, and the investigations
were limited by the inabiIity of the observer to watch the simultaneous movements of more
than a very few mdliameter needles. The experiments on the Los Ange7e8 in 1925 vme carried
out with the strain gages and recording apparatus described in the report; but the program of
experiments was short, owing to a projected long-distance f@ht of the airship; and there was
no coordination with external air pressure determinations.

The series of flight tests forming the subject of this report were undertaken with the
U. S. S. Los Ange7es in April and Mayj 1926, after careful planning to avoid the shortcomings
of previous experimental work. The assistance of the N’ational Adviso~ Committee for Aero-
nautics was requested, and the pressure distribution in-ws.~aation was placed in their hands.
Part I of this report deals with the work of the h’ational Advisory Cornroittee for Aeronautics.
In this, the second and concluding part of the report., the stress determinations are described and
coordinated with the other data of the experiments.

It was realized that the roughest air which the ship might encounter in service was not
Iikely to be experienced in these tests, but it was hoped to overcome this diflicu]ty by correlating
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the pressures and stresses with the. angular accelerations shown by a recording turn i.ildicator,
which cwdd be carried regularly as part of the airship’s service equipment for recording the
angular acceleratione ocgurring in the worst conditions in. continued service. Unfortunately,
the turn indicator proved to be unsatisfactory, and that part of the experiment was unsuccessful. “” ‘“”

APPARATUS AND INSTALLATION

The strain gages were developed by the Bureau of_Standards for the Bureau of Aeronautics,
Navy Department. The principle of operation of these gages is that the electrical resistance

—

of a stack of.carbou piles or dish mounted ma~er pressure in a frame varies rapidly with small
changes of the length of the frame. In the stacks u~d in these gages, the electrical resistance
varies about 46 per cent for a change of length “ofo*” 0.00217 inch. With a single stack, the” “ - ‘-
change of resistance is not linear with th~ change of length, but if two stacks are incorporated
in a strain gage desi~ed to increase the length of one~~tack and decrease the length of the other
stack equally, they may be arranged in a ‘iVheatstone bridge circuit in which the deflection of a-. . . ..- .- . . . .

Carbon shxks
!4

)& for od~im’thg babnce
R4 for OdJiisfhg Vd%ge
V%4for rea+ cardant

voltage on panef

I

FIGUEEL-D@am OCdmuit of Etch @@

milliammeter or iikcillograp-h ti~ill be directly proportional
to the change of strain. Sutih ,an arrangement ~is shown
diagrammaticr@ly ‘b Figure 1.

The two branches of the bridge circuit consist of the
carbon stacks and leads in series on the one. hand and the
resistances RI, R2, and Ra on the other hand. RI and R2
are fixed resistances, and R8 a slide wire resistance by
means of which a fine degree of balance of the bridge
is obtainable. .The bridging instruments are a miHiam-
meter in the v“hile indicating element, and a mirror
galvanometers reflecting a beam of light in the photo-
graphic recorder; they are connected between tho mid-
point of the carbon stacks and the movable contact on
Rs. The bridge. is energized from. the battery shown
at the left of the diagram; the current is kepb at the
p~per constant-” value ‘by means of the variable resist-
ante R,.

The gage which carries the carbon stacks and is.glamped to the member to be investigated
is shown in Figure 2. The gage length is approximately 7.8 inches; the length of the leads to
the indicating and recording apparatus is 100 feet..

Figure 3 shows the indicating instrument, The lefb-hand milliamrneter and the series
rheostat are for controlling the comtant=bridge ctient, The iight-hand milliammeter is for
reading the relative flow of current through the sta&s, and hence their changes of length and
resistance. It may be arranged ta read one milliampere “per O.001-inch or per 0.0005-iich
change of strain. By means of the keys across the middle of the instrument and the transfer
switch in the center. front, 12 different gages may be cut into the circuit. The leads from the
12 gages are secured to the binding posts shown at the back. The leads at the right go to an
aluminum recorder box (fig. 4),. which contains 12 -or galvanometers elements, one for each
strain gage. The beams of light reftected from the galvanometers make traces on a roll of
sensitized bromide paper contained in the camera (fig. 6) and driven by an electric motor..

The precision of the strain gages is not particular~ good. Owing to backlash and hysteresis
and a tendency of the carbon piles to a gradual change.@ their calibration, errors approaching

I

25 per cent may occur.
The strain gages were installed in three groups, ,.&achgroup having its own recorder. The

positions of the gag% are given in Tables I and H. ~@ges 1 b 12, recording on camera No. 3,
were placed forward on the loigitud.&ls between fii@ies 115. to 160.

.-. .

Gages 13 to 24 were “strung along longitudinals~~S arid 1P, which are the second rows of ‘
Iongitudinals up from the bottom of the airship (see Fig. 2 iu Part I of this report) and on the
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upper longitudinaIs of the keel, designated KS and K P, between frames 40 and S5. These
gages recorded on camera No. 2.

Gages 25 to 35, recording on camera IYo. 1, ga~e much the most interesting and import~t
records. They were secured to the longitudinals in the lower half of the hull, just forward of
frame 70, in the region of maximum bending moments from rudder and elevator action.

FLIGHT TESTS

The program of flight tests w-as expkined in Part L For conwniencej it is again summa-
rized in TabIe )3.1 of this part of the report.

Four flights were made during the WI&S of tests. The time, air temperature, altitude,
and corrected sedevel barometer of each test run are recorded in Table IV.

DETERMINATION OF THE AERODYNAMIC BENDING MOMENTS

In the strain gage records, a vertical deflection of 1 cm in the record line corresponds to a
change of strain in the girder equal to 0.001 inch in the gage length of 7.S inches. Assuming

.—...- ._.

_..._.._— ____

FIGUU 2.-Stn!n-@ge elemenh fwehmhs tosfrdem

that the modulus of elasticity of durahunin k“ .E’= 10,500,000 lb./sq. in., the stress in the girder
per centimeter deflection of the record is eqmd to 10,500,000X 0.001/7.S = 1,350 lbJsq. in.
If the section moduk of the cross section of the huII is lmown, and if the distribution of longi-
tudinal stress is in accordance with the ordinary theory of bending, the bending moment in the
huU at any cross section is the product of the section modulus and the maximum longitudinal
fiber stress.

The matium bending moments from forces on the tail surfaces are tobe expected betvrecm
frames 70 and 85. At frame 70, the strain gages ~-ere dist@uted nearly half way around the
hulI, so that the records include an approximation to the extreme fiber stress for all longitudiurd
pknes of bending. The theoretical mean section moduhs at frame 70 is 66 meters x square
inches. Theory and experiments have indicated that the distribution of stress is not in direct
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linear proportion to the.distance of the members from the neutral axis, but more nearly resern-”
bles a parabolic relation in which the stress in the extreme fiber is only about seven-eighths as
great as if the linear stress distribution of the ordinary bending theory occurred. The theo-
retical section modulus is therefore multiplied by %, making its effective value 75.5 m sq. in.
(The combination of meters and square inches may appear curious, but iti ia very convenient
because the even 5-meter spacing of the frames makes the meter-pound a handy unit for
measuring the bending moment, and the division of the begding moment in meter-pounds by

the section moduhs in meter-aquaxe inches gives the sfrees in t~e customary engineering unita
of pounds per square inch.)

Converting the deflections of the strain gage record into stress, and thence into bending -
moment, 1. centimeter deflection represents 1,35(I X 75.5 = 102)000 m lb. bending moment.

The sensitized paper was moved through the camera at a mean rate of about 4.5 inches per
minute. In tests in which the strain gage recorders ~ere synchronized with the N. A. C. A.
instruments, timing lines at 16 seconds intervals were thrown upon the paper by momentarily
cutting Off the lighta. .

DISCUSSION OF THE STRAIN ‘GAGE RECORDS
.

Some typical strain gage records are show in I?&gw 6 to 16. Site the strain gages show
only changes of stresses in flight, and there are no clea~ly defied lines or levels of stress which
may be regarded as representing either the normal static condition or straight ilight in still
air, the analysis of the aerodynamic bending moments is based upon the amplitude of stress,
or half the total range of stress recorded during any particular maneuver or test-run. It mht 1. . .
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be thought that in a steady turn, the stresses in any one member would vary in opIy one direc-
tion from the normal; but, in reality, there is a revemal of stress even in maneuvers not invol~
a reverd of the helm. The reason for this is that when the helm is fit put over, a transverse
air~force is created on the rudders, opposed by the inertia of the airship a@nst anguhir accelera-

-.

.

=,.----

Fmwm 4.—Recordhg SPSUMUS, iddor seenfrom beblud

tion. This produces a moment to bend the airship in the opposite sense to the direction of the
coming turn. In other words, during the initM period of angular acceleration, the forces on
the bow and stern act outwardIy from tie center of the turning circle. Later, when the airship
has settled to the condition of steady turning without angular acceleration, the clireotion of the
bending moment is reversed by the diminished force on the ruddem and the creation of aero-
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dynamic forces on the bow and fins, acting inwardly toward the center of the turning circle,
opposed by the outwardly acting centrifugal forces d@ibutecl along the hull.

---

Gages 1 to 12 installed in the forward part of the airship, were the old original gages which
had been used in the Shsnundoah three years previously. Their records were not sufficiently ‘-
satisfactory for quantitative measurements. They agreed with the air-pressure measurements
in indicating that the transverse forces on the airship’s forebody were small and irregular
Undcmbtedly much. greater .forcea and strains would ..have been recorded on the f9rebody if

,.”.,- .-. . ..-. =—. - ----- .-
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FIGURE6.—Exterfor vfew of recorderand @mrw

the airship had been flown at-the angles of pitch required to offseti huge inequalities of weight
and buoyancy.

Figures 6 to 1.1 and F@re 16 are. typical records from the strati gages grouped on the
longitudinals around frame 70, as listed in Tabie II.

Figure 6. is the record obtained in run No. 4~.. The maneuver was a steady turn with
9.7° left rudder. The stresses were small and ffucturi$ing, indicating that they were primarily
the result of diaturb~ces in the air rather .thag .of bqulhg moment+ imposed by the maneuver.

Figure 7 is an interesting record showing well-defined stresses varying continuously from
one side of the airship to the other, as would brexpected from a lateral bending moment;

Figure 8 is principally of interest in showing the reversal of stress res~t~g from revemal ____ _
of the helm when the airship executes an S curve.

Figure 9 shows the strongly fluctuating stresses which are characteristic of the period just
after leaving the mooring mast. An important feature of this record is that bending moments
in the vertical plane are indicated by large stresses of the same signs and approximately equal
magnitudes in the hmgitudinals at the top of the keel and the lower part of the hull, showing
that the keel bahaved as an integral part of the hull, and not-as a separate beam. Ac~ordhg
to the shear theory, and some other theories of stre~. distribution, the top member of the keel
should show stresses of opposita sign to the bottom member when the hull is subjected to
vertical bending.

Figure 10 shows a rather gradual reversal of stn+ws during an S turn,
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Figure 11 is a record of an S turn in which the stresses due to the maneuver were overlaid
by fluctuating stresses resulting from disturbed air.

FIGURE6.—Carcera No. I. Run ?so. ~

Fiiures 12 to 15, inclusive, are the records of the gages extended longitudinfly along the
bottom of the airship as recorded in Table II. Only F~e 15 of this group is of much sig-
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FIGUE~7.-Camem No. L Take.-off from mast

ni6cance. It was taken during the critical period after leaving the mast. The fluctuations
of stress are large, rapid, and irregular.

.-

FIGUBXS.-CGMem No. I. Rm No. a
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Figure 16 is typical of the large stresses during the rough air of the ilrst day of the trials.
This record was not synchronized with the N. A. C. A. normaI force measurements, but it is



REP”O”RTNATIONAL ADVISORY CO@l’F17EE FOR AERONAtllTCS

3&j

32 IW7

Fmurm 9.-Oameie No. L Take-xl hum mest

FIQUBX10.—0ameraNo. 1. Run No. 5
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FIGVBEIl.—Camera No. L Run No. 17
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believed to be nearly coincident with run No. 4A. Some of the gages were not working satis-
fact.cfiy at that time, and consequently, there are gaps in the recOrcL

FIGURE 12.—I2anler8 No. L Rm NO. 4

It is a curious fact that the most severe stresses were always recorded immediately after
taking off from the mooring mast. A possible explanation is that during the tit few minutes

FIGUB=18.-Camam No. Z Rnn No. a

of &Uhtj the airship lost superheat, causing a progretive change of trim that made the airship
unsteady on the controls!, with consequent rapid fluctuations in the bending momenta.

FIG~ 14.-CaInem No. 2. Bun No. 4

COEFFICIENTS OF AERODYNAhflC BENDING MOMENT

k order to understand the s~cmce of the StrF&I recorded by the strain gages, two
steps are necessary-first, to convert the recorded strains into bending moments according to
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the relation already derived; second, .to express the bending moments in coefficient form for
comparison with the tail surface forces and theoretically derived bending moment coefficients.
A nondimensiomd coefficient is derived as follows: _

For” geometrically similar distributions of air pressure over airship hulls the res~ting
-.

forces are proportional to the aerodynamic head p @/2, and to the surface area of the hull, or
to the volume to the two-thirds power for similar shapes. The areodynamic bending moment

13
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FK?UBE15.—CamernNo. 2. Tafrwff from maat
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is proportional ta the. total force and the length of the hull. Using these relations, the bending
moment coefficient is defined by

M
CM-W ‘“ -..-. . ----

where
(& =&e coefficient of aerodynamic bending moment.
.M= the aerodynamic bending moment.
q= the aerodynamic head p t912.

1~= the air volume of the airship.
L= the over-all length of the airship.

For the LOS Angeles, V’= 20,000 aq. ft., and L= 200m. Therefore, if iff is expressed
in m lb., and q in lb./sq. fti.,

H
CM-- ““”

Some values of (?M calculated from the observed values of g and the amplitudes of the
strains are given in Tgble V. It is of great- si.gnilicancq that fight in the rough air of thy first
day (run No. 4A) without maneuvers produced stresses-corresponding to values. of (7Mapproxi- “”-
mately twice as great as were recorded in the maneuvm in the comparatively still air of the
succeeding days of the trials.

CORRELATION OF BENDING MOMENTS AND TAIL SURFACE FORCES

Site the pressure distribution measurements showed the transverse forces On the hdl to
be smaI.1, it is to be inferred that the aerodynamic binding moments were mainly the result
of tail surface forces opposed by the inertia of the hull against angular acceleration. This con-.
elusion is confirmed by the insignificant strains shown by the strain gage records when the air-
ship had settled to the condition of steady turning. It-is unfortunate that satisfactory measure-
mauts of the angular accelerations could not be obtained. Lacking data on this subject, the
best that can be done is to compare the relation between the observed values of the bending
moment and tail surface force coefficients with their theoretical relation when the tail surface
force h opposed only by angular acceleration.
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In Part I of this report, the tail surface force ooe%icient (&is defined by

F
0.,= ~~:ti –~?-—_

wher6
F= the total force on the tad surface.
S= the totaI area of the Yerticd or horizontal taiI surface= 2,54o sq. ft.
g= the aerodynamic head.

It may be shown that when a force on the tail surfaces is opposed only by angular accelera-
tionn of the airship, a bending moment of about 31 m Ib. is produced .at frame 70 for every
l-p ound force on the surfaces. It folIows that in that condition

It may be seen from Table J’ that the ratio (7:W/C~ varied from 20 to 64, indicating that
although the transverse forces were small and irregulafj as indicated by the pressure measure-

a j?}
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ments, their resultant was sufficient to have a very considerable effect on the bending moments,
sametimes adding to and at other times subtracting from the effect of the tail surface force.
In the rough air run, No. 4A, CN./C~ is onIy 27, showing that in rough air the forces on the Jmll
are of relatively greater importance than in most still air maneuvers.

APPLICATION TO DESIGN

In comparing the comparatively moderate forces recorded in stiU air maneuvers with the
much greater forces in rough air flight., it should be borne in mind that the trials were made at
rather moderate speed. It is to be e.spected that in still air maneuvers with any gimn hehn “. ‘-
angles, the aerodpamic forces will vary as the square of the speed, and the coefficients C-W and
CMwilI be constant. On the other hand, when flying in rough air, the angles of attack resulting
from sudden changes in the wind velocity will diminkh with increasing speed of the ~irship.
Consequently, the forces in rough air vary more nearly as the ship’s speed, and the coefficients
inversely as the speed.

The high value of 0.0128 calculated for CMin run No. 4A occurred at only 50 knots speed.
Assuming CMfor rough air to be inversely proportional to the speed, its magnitude at 64 knots
in the same air conditions would have been only 0.01. It has been accepted practice to design
rigid airships, including the i% Angeles, for a masimum aerodynamic Cx of about 0.01 at the
airship’s fti speed, plus a material factor of safety of 2.0 to 2.5. The observations in the
extremeIy rough sir of the tit day of the flight triaIs indicated that the strength of the .Lgs
Angek is sufficient for these conditions, but there is not much margin for hitting a violent and
sharply defined wind squall at high speed.

——
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The most recent practice in large airship design has tended toward provision of sufficient
strength for a maximum CM of about 0.02, which theoretical calculations show to be suflhient
to withstand a sharply defined squall having a velocity of 60 ft./see. transversely to the airship’s.
longitudinal axis. This was the squalI condition specified in the Navy Department’s Airship
Design Competition, 1928. “It- protides a laqje “rnai@i of strength beyond the most severe
conditions encountered in the flight trials of the h Angek.

CONCLUSIONS

The largest aerodynamic forces and bending moments observed in the trials corresponded
to coefficients astonishingly close to the design assumptions of the Zeppelin Company, The
large airships of the future must--be designed to. encounter thunderstorm conditions which in
the past have been regarded as avoidable hazards, and greater strength than that of the J%s
Angd%s is therefore required.

Exptiiimenta shouId be continued to determine the angular and linear accelerations of
ai.mhips in rough air. For such experiments there is great need to improve the sensitivity and
reliability of the instruments at present available.

The risks attendant upon deliberately fly-hg aircraft into thunder squalls are too great to
be accepted, but every effort should be made to deterr&e the structure of the air in squalls
by means of wiid-record~g instruments mounted on .Iofty towers or by sensitive recording
accelerometers carried in pilot balIoons. Such researches would necessarily be “expensive but
of inestimable value to the science of air navigation,

BUREAU or AERONAUTICS,

NAVY DEPARTMENT,

December$, 1%?8. ‘“” ~
....”

TABLE I “-

POSITIONS OF FORWARD GROUP OF .STRAIN GAGES IN U. S. S. LOS ANGELES APRIL
AND MAY, 1926

1’” ““””” ‘:” . . ~

-...
i3f#l

..

PmftIon
. .

.. ,
1 Longltndfnal fins low be&, forwtid oi fq” 11~. “~

. . ,.

2 LongitudinalKS a~y forwerd of frame IX!

8 Lro.Udtu~l ~~ low b=% forwerd of frarna180. ,
4 Longftudfnal2s 10W ~ fOH7dOffrf!rne146,
6 hm@@fqa].1S Iow.bueqfqwd of hwr.j j46.

I

.-. .

e LOnglfudfnrd1s low lklsqforw@ of frrq.y.

7 -tuw O 8Ex, forwurfofframeM&
8 L4mgftudfnal1P low besq forward of frarg@4Q. ,.
Q =nw 2s Jowbes.3,fomvrudoffiarqe190.

10 LOngftudfnaf1P m bare,forwardoffrarnQJ20.
!

.

H Lor@tu@nal 2p OW b8$G forward Off- :M..
12 LOYIgftudindKS MWS,formrdof frar.pa]80,.+-: .-,

NoTE.-L9ngkudInaIg ere nmnbemd O, fir ?, 1~, 2, etc, b 6 from the bottom to~”e topofthealrahip. S end P denote eterboazd end port

,-

dd~, reapodfvefy. The lrmgftudfnalaalong the top,of the keelaredmignatedKS ahd KP. The tarmalow M Mgh brse, end apex referto the
threechannelsor boom of the longftndfrral%

..

—

*
.-

.-.
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TABLE II

POSITIONS OF REAR GROUP OF STRAIN GAGES IN u. S. S. LOS ANGELES. APRIL AND

.

● MAY, 1926

lage
To.

‘r
Poe!tlon

13 LongftudinaI 1s Iow brse. thward of frame 40.
14 I.angftndfnaf~P k3W Ime., forward of frame 40.
15 Lm@trrdfnal ~~ km ~ forward of frameE5.
16 Lmlgftudfnef 1P lowbasa,facwti of barne66.
17 rmngftnd!nrd1S hw b~, forward of harms%
IS hmgItadinaI ~P low bruntforwardof frame S%
19 Longi tndfnal 1P lowWq forwardof frame70.
2U LOngftudlnal1s low m forward Offrema m.
z Longitutial KS out~, forwardof-40.
23 Lm@tudlnal K P outk-c, forwardOf ham 40.
!i3 Longftudfnal KS spasbe+ forward of frameM.
24 Longftudiu~ KP ap ~ formrd of karueSS.
25 Im@tudlnal 2@ M@ h~, forward ef h-ems io.
26 L4ngitudlnrd 2~S low~ forwerd of frame 70.
37 LOrUftudfnal2s lowbase,kxwardof hme n.
!2s LrmgItudinal1J4slow baae, farward of frame m.
.29 La@tudtnal 1MShfgh~ hward offrame 70. “
30 Im@udfnd }$S bw hem, forwardof fmmam
31 ikngitwiind KP apeq forward of harm io.
32 LongftudbMl MP Iow bare, forward of frame 70.
33 wtutil 1P low Ix3Se,fciwardof frame m.
34 I.Qngftmiblal 1$4Plow II* &JrWard0[ frame 70.
33 Lm@ndinel 2P h2W ~ forward of frame io.

(See note to Table I.)

TABLE 111

RECORD OF TESTS ON U. S. S. LOS ANGELES, APRIL AND MAY, 1926

Date

Apr. 27

Apr. WI

May 7

May 13

m Na

1
2
3
4
&
6
7
8
u

10

I
2
8
4
5
6
7
8

1
2
3
4
6
6

1
2
3
4
6
6
7

s-u
la
14

I&16
17

Maneuver I
Rough afrfiyfngon corura.

Da
Da
Da
Da
Da
Da
Da
Da
Do.

Torn wfth W R. redder at IJsI R. P.M.
Da

Tnrn wfth 8° R. redder at L050R P. X
TRm with u“ L. rnd(k at I,W B. P. M. ‘
Tnm with ~ R. rndder at 1,~ R P. M.
Turn with W IL redder at I,23UR. P. M.
~ tbmwm Wrdf.

Reveraa~ 8“ R. and L. redder et 1,030R. P. M.
Da

RevemQ & R and L.rudder at l,WO R. P. M.
Turnj W R. rndder at LOW FL P. 31.
Tmq 8° R. redder at l@l R. P. M.
Tur!+ W R mddar at 1,~ R. P. M.

Rough rdrefterleavfng mest.
‘rnq w R redder at I,ZJI R..P. M.
~ W L. redder at 1,050R. P. M.
Tnq W R.mdder at 1,(!3)R. P. M.
ReveraQ & R. an! L. redder stL030R. P. M.
ReversQ 1% Rand L. mdderat 1,050R. P. M.
MfaWd.
DarderatIon tarta.
Turn, l!P R. redder et I,Wl R P. M.
Re~er@ W R. end L redder at l,CW R P. M.
Decekatfon teeta.
Rav~WR. and L.rudderat 1j22JlFLP. M.

I

I
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TABLE IV

U. S. S. LOS ANGELES TESTS-TABLE OF DATA (AS, TAKEN ,FROM AIRSHIP’S LOG AND
SEROLOGICAL STATION)

Date

Apr. 27

Apr. 30

May ‘7

I

I

I May 13

~.

M No,

1
2
3
4
5
6
7
8
Q

10

1
2
3
4
‘5
6
7
8

1
2
3
4
5

...- .-.
6

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

. 16
17

line of
s-
$%%)

n%$:za
12:m:23

13:16:58
18:34:54
13:63:64
14:17:42
1*29:16
14:43:m
14:56:a
15:l?8:al

11:39:5JI
12:01:36
13:WW24
13:10:67
13:2il:25
14:12:51
14:42:33
14:Ka:13

17:.2%%3
17:43:03
18:03:12
18:21:44
18:45:27
Wpmd.
19:10:15

10:32:64
10:48:25
10:$s:11
10:M:O3
11:15:25
11:43:36

14:al:40
14:W24
14:,22:32
14:32:14
14:40:m
16:38:40
16:67:22
17:19:67
17:3&43
17:47:m

1- -- ,

a“: 1,630
42 “. Lm

:“ 3%
42” 1, w

“4!” &ml

42 ~mo
.---- .--, &m

41 &mo

u 2#6m
.;

61.‘ ; Z71M
&70)al ~m

m
.. ------ Ikm

68 1,ml
-------- 1,4m

69-, Zom,
57 Zouo -1

?0..092
3a 070

-- . . . . . . . .
. . . . . . . ..-

W:04
. . . . . . . . . .
. -------
. . -----

Wlcn
. . . . . . ..-

----------
!m.306
29.336

-------- .
. .. -—-

ZKtw
. . . . . . . ..-

!2Z$9

0.s ‘itu” 29.s3 “.
..-..— 2#&a . . . . . . . . . “

62 %Eol 29.82
61, 8, Om . . . . . . . . . .

. ------- a-------- . . . . . . . ..-
<

.- . ...—— _ -------- ---------

01< ~mo 20.63

67: Zm m.n
..--— -------- -. .-----—

67” X5CE3 . . . . . . . . . .
. .. —-— &mo 2Q73
. ------- Z600 . . -------

59 &ml 23,76
-.-- . ..— --. .---— .. ---—- -

60 2#YIo 23.73
.— . . . . . . S(%33 -..–...--

61 ‘ ~m - ::__
&6m ,. . . . . . .

-. --.---+
61: ~m -%. 70
61 Zccll 24.70
lx” %Ooo 29.71
6$ &w --------- -
61_ Zeoo--------.

--------%MM 2a.72

TABLE V

,. .-. . .,,.. - —

,.. -

.
.

. .
-“..,..

-+. . . ..

. . .. . .

,

. . .

—

TAIL SURFACE FORCE AND HULL BENDING MOMENT COEFFIC~NTS
.

Runmaneuver Rridder +lon
M ;Np - CM

lb.Js\.ft. 1:.
cN?

m lb. m

. . drr~ fin and ~ndder---

, 4B (turn) .-.. ---.. -.-. --.-G-. -=-...

““ 1’

9.70°L . . . . . . . ..--...... -. . ..-...---l &lQ” “Ll& 74 m a 149 Qm. “m

4C (tan) .---— --------------------- w R–---------.--------–-.—--: 4.37 :1,Wl 64,m .235 . m37 04

SC (Wn). . . . . . . ..-–-.-..--— --------- 7.36°R--------
— 6.93 1,m4 U%ooo . In ..m47 37--------------------

2B (turn) -.-.. --- . . . . . . ..-..’ ----------- 12.76°.~----- 7’66647. ~i Ilk Ooo .lm mod ~. . . . . . . . . . . . . . . --------

13D (turn ).- . . . ..-. -. . . . . ..—------------- 12.95”R----. -... -... _.-_-_-_=~”” -“ 3.95 W(KO . 1Q6 .Im59 33

6D bvmo ....-. --.-----—––..--. 4.’93”L . . ..-. -.-. --’---. -–—---- “ h ~

z.

1;679 1~ CcQ .%6” ‘.(W7 w

3C (r0Y0r981). . . . . . ..-. —-------------- 6-~” L--—-----------------— . h H 1,817 143#mo .X8 . m7 40

17D (mvmal)------------------------- MM” R-.-.,-.: ---------------- 7.66 ~922 144m .100 .W46 42

,. --’ K&@rtid I% and eti+atii - “ ‘ ‘

4A (rough ak).-.-..- . . ..-.. .-.. ----------- --.-:. -.--.--.. –..-7–.—---- j Ro,-1 &601 l“4,fAti ] L1349 I aoq 27
.

.—
—.

i.

--- . ..
. ..-


